Abstract-Virtual classrooms will soon form part of students learning experiences. While many applications that allow for virtual collaborative classrooms to be held are emerging, issues such as security, privacy and jitter still remain to be fully addressed. Solutions that are suitable to Africa's current state of ICT infrastructure are also necessary to better address the current academic need in Africa. A recent trend in education has seen a move from the traditional way in which students and people in general learn. No longer do people want to be limited to a given time and space for learning to occur. The way that people learn is constantly changing and as a result how, where and when people can learn needs to adapt to the new change. With the introduction of ICT into education, new avenues have been opened such as online learning, online tutors, interactive whiteboards and many others. Virtual classrooms have become more common with the introduction of Web 2.0 providing another platform on which students can engage academically. This paper presents and evaluates a whiteboard application over and IMS test-bed. The application will serve to provide an alternative platform for learning while fostering innovation in the ways that students learn with increased collaboration.
I. INTRODUCTION
The South African Education Department (SADE) has over the years faced great challenges with regards to the number of students that pass science subjects such as Mathematics and Physical Science. Many relate this problem with the former apartheid government that deprived "black" children of their right to higher education. SADE has adapted various strategies including the introduction of Outcome Based Education (OBE) [1] . The framework of OBE was formally adopted in 1997 by the SADE and the curriculum in 1998. OBE however faced many challenges which ultimately lead to its failure just as it had previously failed in the United States of America. Some of these challenges included the large student teacher ratio in South African schools. OBE principles are generally accepted to work in small classes, where as in SA a typical classroom could have from 35 -50 students. Currently the teacher -student ratio is standing at 1 -32.6 in public schools and 1-17.5 in private schools [11] . The then Minister of Education, Kader Asmal also pointed out the fact that teachers were inadequately trained to effectively administer the new curriculum [2] .
2008 saw the release of the New National Curriculum, to help improve the number of grade 12 students who pass the national examinations at end of the academic year. All these trials have enjoyed significant success to some degree yet there is still much more to be done to elevate South African education to meet the standards of some of the top countries in the world. One such initiative to help with the given problem is the concept of Electronic Learning.
A need to incorporate ICT in education, thereby providing alternative platforms to better foster learning anytime and anywhere, was proposed in a white paper by the SADE [3] . Industry tycoons such as Telkom SA, Eskom and Microsoft in partnership with the SADE have since rolled out initiatives such as the provisioning of ICT equipments to schools. These included computers, laptops, software and telephone lines for internet connection to selected schools and stand-alone centres. This e-Learning endeavour aims to help students gain access to more resources besides the tradition textbooks and teachers while enhancing their computer literacy skills.
Many schools in disadvantaged areas of South African are normally understaffed and lack basic teaching resources such as textbooks. With the e-Learning initiative, this problem has been reduced and could be further suppressed or totally eradicated as electronic versions of teaching material are and can be made more readily available. How this can be done seamlessly and efficiently forms part of the subject of this paper. Using existing infrastructures together with Information and Communication Technology systems remain an integral part of the desired goal. Virtual classrooms open a wide door of opportunities. Connecting students on a virtual platform through ICT allows them to become teachers themselves. This enables them to help fellow students solve problems that they understand anytime and anywhere.
Current state of the art e-Learning applications face issues such as security and privacy (session privacy), high bandwidth consumption and jitter. Session privacy refers to the ability of a user joining a session and being a distraction to that particular session. Users usually type in lines and lines of text in the chat room which is not related to the topic being discussed. This can be dissatisfying for that user who can only support instant messages to engage in a session due to unavailability of the necessary video and audio equipment. Most of these applications are not suited for the African context where bandwidth is limited or expensive in cases where it is available, in comparison to other European and Asian countries where internet access is cheaper and internet speeds are higher. Solutions that are viable in the African context have become necessary.
The IP Multimedia Subsystem (IMS) [4] holds great potential in reducing these issues, thus making e-Learning more appealing to the general public and more "Africa friendly". The IMS was designed to be very secure. It implements two types of security, access security specified in [5] and network security specified in [6] . It uses IPsec [7] for both of its security schemes [4] . Users are required to be authenticated and authorized with the Home Subscriber Server (HSS), an IMS core entity, before being assigned a ServingCall Session Control Function (S-CSCF) to provide the requested service.
The IMS was design to be simple, allowing for the setup and termination of sessions (IM, video calling, voice calling, etc) to be done with ease. This significantly reduces setup delays. Furthermore, the OpenSIPS [16] SIP Server which can be integrated into an IMS network, has a built in SIP Presence agent which is well equipped to handle issues of privacy. Users are required to subscribe the presence information of desired users in order to receive updates. Updates of changes to a users' current presence state are communicated to subscribers to that information. Subscriptions are subject to the users' approval. It employs the Session Initiation Protocol (SIP) [8] to facilitate all session setups, modifications and terminations. As a human readable protocol SIP is very easy to understand and developers can rapidly develop applications using this protocol.
The successful role out of e-Learning solutions relies on the quality of the ICT infrastructure of the country or region. South Africa is trailing some of the leaders in the world with regards to ICT infrastructure [17] . This paper covers the development of a client-server application over an IMS network that takes into consideration the current state of South Africa's ICT infrastructure, to enhance the learning experience of students by bringing them together on a virtual platform.
The rest of the paper is organized as follows: section II discusses ICT in education highlighting the concept of elearning and the need for collaborative learning; section III presents the collaborative whiteboard application under development; section IV presents the evaluation platform; section V discusses the results and section VI concludes the paper.
II. ICT IN EDUCATION
Information Communication Technology refers to a diverse set of tools and resources used to communicate, create, store and manage information. The tools and resources are not limited to computers and internet but also include telephone, television and radio. ICT in education relies heavily on the countries existing infrastructure. The digital divide can still be seen in some places of SA. However the governmental launched Accelerated and Shared Growth Initiative of South Africa (ASGISA) has identified, as an important development priority, the current and future capacity of South Africa to generate and sustain access to ICT for its citizens.
The infrastructure is surely advancing. South Africa being the host nation of the biggest sporting event in the world, the FIFA World Cup, this year, much has been done to better the infrastructure that forms the back-bone of ICT. Telkom, SA's largest telecommunication company boasts of laying down approximately 128 000 cable kilometres of optical fibre [14] . This has significantly improved internet speeds and bandwidth availability in the country.
A. E-Learning
The intentional use of ICT in education is what is referred to as Electronic Learning. Electronic Learning encompasses learning at all levels, both formal an informal, from simple tutoring to the delivery of whole courses. Electronic Learning, which is better known as e-Learning or e-Education, also refers to the intentional use of networked information and communications technology in teaching and learning. It can also be defined as content and instructional methods delivered on a computer (whether on CDROM, the Internet, or an intranet), and designed to build knowledge and skills related to individual or organizational goals. In the South African context, the concept of e-Education revolves around the use of Information and Communication Technology (ICT) to accelerate the achievement of national education goals [3] . At the top of this goal, is getting more students to pass mathematics and science related subjects in their final year of high school.
B. The need for collaboration
Students working in groups can master science and mathematics subjects better than students working alone [9] . This can be extended to most learning spheres in life as well. Collaborative applications such as multi-chat Instant Messaging (IM), video or voice conferencing, electronic whiteboards are gaining massive popularity due to their collaborative nature. Social networks, such as Facebook, Twitter, Google Buzz, have adopted a similar principle, allowing "followers" to share how they are feeling, pictures and videos with large numbers of people known as friends.
The current student to teacher ratio in South Africa is 1:36.2 in public schools and 1:17.5 in private schools [11] . These teachers are usually under qualified to teach the science subjects such as maths and science especially in the rural schools. By placing students on a virtual platform through ICT we inevitably decrease the teacher to student ratios. Students then become teachers themselves of topics that they understand. Noted in SA is the issue of different pass rates from school to school even though the same set of material is taught to students. Virtual classrooms can be used to bridge this gap by connecting students in different schools and even different provinces.
III. WHITEBOARD APPLICATION
A whiteboard application is currently being developed using Glade User Interface Designer (GUID) together with GNU Image Manipulating Program (GIMP) Toolkit (GTK) library in C to evaluate the concept of collaborative learning on a virtual platform with an aim of making it better suited to the African context. It must be mentioned though that the Fig. 1 Whiteboard Application: GUI implementation however is still ongoing. The whiteboard design aims to best replicate a classroom group tutorial environment. Users of the application must be able to get a sense of being in a group tutorial but on a virtual platform. To achieve this, the application is equipped with a whiteboard (symbolic of a shared writing paper), support for voice and video calls (visual and audio communication), instant messaging and support for presence. Currently the application supports drawing of basic shapes (circles, rectangles, etc) and text on the whiteboard, group or individual chat (highlighted red), presence (highlighted yellow) and file transfers (upload and download-highlighted blue) as shown in figure 1 above.
Other applications of this nature such as WiZiQ [12] and Elluminate [13] , place limits on who can speak at a given time and who has control over the whiteboard at any given time.
With an aim to best duplicate a classroom group tutorial environment, this application places no such limitations but allows each client to select who they want to be listening to at any given time. Other functionalities such as video and audio conferencing are yet to be added. Video and audio are known to be bandwidth hungry, mechanisms such as distributed video and audio transmission are currently being considered. Each user will have the ability to enable or disable these features based on the availability of the necessary equipment (speakers, microphone, webcam) and or bandwidth usage in order to reduce cost. The individualized selection will allow for users who are equipped to communicate without being limited by those who are not.
To further address the issue of session privacy that plagues current implementations, the Whiteboard Application adopts what the author refers to as a Session Identification Numbering Scheme (SINS). SINS associates an alphanumeric tag with each session, which is issued to the originator of a particular session. For another user to join a session, the originator needs to issue them with this tag. After receiving the tag, the user sends a SIP REQUEST to the Whiteboard Server, which then informs other members of the session of the new comer.
As an IMS application server, the Whiteboard Server (WS) makes use of the Extended Osip (eXosip) library in C, for SIP signalling. Each update message, concerning a change made to their board (drawing of a shape or text), is encapsulated in an Extensible Mark-up Language (XML) document. This document is then attached to the body of the SIP MESSAGE and sent to the relevant destination (client or WS) through the IMS core.
Signalling Scenario: (Refer to figure 2 below) The initial SIP MESSAGE sent to the WS is considered a registration message. The WS stores information of the new users and updates old users (who are currently signed in for that session) of the new user. This information (username) is embedded in the body of the SIP 200 OK message that the WS sends to each client upon receiving a SIP MESSAGE. In the case of multiple clients signed in for a session, the WS builds a complete list of all clients before attaching it to the 200 OK response. Each client then keeps a list of users logged into a session and forwards each SIP MESSAGE containing an update to their board, to all clients on the list. The clients have the ability to decipher the address of a particular client based on their user name following the sip naming convention, sip:username@domain. An example of this would be sip:alice@open-ims.test. Each client gets an updated list each time they send a SIP MESSAGE to the server, if a new member joined since the last update. [9] . The UCT IMS client [10] was used in testing this application.
A. Peer to Peer Architecture
One of the design goals of this application is to minimize delay making it close to real time as possible. To this effect the application employs a Peer to Peer (P2P) communication scheme. Each client acts as a proxy server, having the ability to forward messages to the other clients within the same network and involved in a given session. For example the three computers in Network A, in figure 4 below, will communicate with the other two directly without the intervention of the WS. Communication with members of Network B will be through the server. The WS takes on the role of being a Presence User Agent (PUA) which informs current members of a session of clients who join or leave an existing session. Each client only keeps track of other clients that are collocated on the same network. 
A. Session Signalling Overhead
An evaluation of the signalling overhead during a session is invaluable as it affects the network performance. In order to avoid signalling overhead, each session is clipped at a maximum of 10 members including the initiator of the session. Worst case scenario would then be when all 10 members draw and object on their boards resulting in 90 (10 clients * 9 update messages) messages being sent into the network.
The Peer to Peer (P2P) architecture proved to be better than traditional server-client architectures, whereby the server forwards all information from clients to other clients. With the server's added functionality of informing clients of incoming and outgoing clients within a session, delays will be incurred in forwarding client messages to all members of the different sessions. The P2P architectures also proved to be more scalable while maintaining the real-time update of the boards. An increase in the number of members of a session had little effect on the performance of the application. Further details are presented in the section below.
B. Whiteboard Update Delay

Fig.5 Measured average delay
The delays incurred between client board updates were not noticeable to the human eye. With a measured average end to end delay of 0.051 seconds, boards seemed to be updated instantly. This delay was measured from the time a client drew an object on their board, until this object appeared on the first clients' board. Due to the size of the packets of each update message, the time required to transmit each message was negligible. Assuming more than one session is being handled by the server at a given time, forwarding messages to each client as each updates its board will introduce heavy delays. The P2P architecture avoids this delay since clients are responsible for informing members of their sessions of changes on their boards while the server only handles incoming and outgoing members of a session and members of in different networks. As a result the delay increased by an average of 0.036 seconds, with each member that was added to a session as shown in figure 5 below. This increase in delay is due to the processing speed of the client when sending messages to individual clients in series. It must be noted that this delay was independent of the number of sessions.
The delays incurred by the server, informing existing members of incoming and outgoing clients, with an increased in the number sessions were not considered in this work. However the author acknowledges its dependence on a number of factors including arrival and departure rates of clients and the processing power of the server.
VI. CONCLUSION
Collaborative learning will soon become an essential part of learning. If this cannot be achieved in general classroom settings, virtual platforms must soon be considered as an alternative. Applications such as the Whiteboard Server which provides students with a collaborative learning platform have the added advantage of being time and space independent. Users can use this application anytime and anywhere requiring only an internet connection. This paper has presented and evaluated an implementation of a whiteboard application over an IMS network. The issues facing existing applications have been discussed and how the IMS can be used to address these issues has been shown.
The proposed architecture has been implemented and tested within the UCT IMS evaluation framework. The implementation has not reached its full potential as more realistic case scenarios are still being considered. The issue of session privacy was greatly reduced with the Session Identification Numbering Scheme (SINS) which prevented unwanted members from join a particular session. The IMS's built in security offered satisfactory security, allowing only clients who had registered with the IMS core to access the Whiteboard Server. When examined with regards to critical metrics: board update delay (real time update) and signalling overheard, the system performed satisfactorily.
